Background and Purpose-The longer-term natural history of depression after stroke is poorly understood. We estimate frequency, predictors, and associations of depression up to 5 years after stroke in a population-based study. Methods-Data from 3689 patients registered in the South London Stroke Register 1995 to 2006 were used. Baseline data included age, sex, ethnicity, socioeconomic status, and stroke severity. At 3 months and at 1, 3, and 5 years, survivors were assessed for depression (Hospital Anxiety and Depression; depression subscale score Ͼ7 indicates depression), cognition, disability, activity, accommodation, employment, and social networks. Associations with depression were investigated with logistic regression. Data are reported with OR and 95% CI. Results-Depression frequencies were 33% (30%-36%), 28% (25%-30%), 32% (30%-35%), and 31% (27%-34%) at 3 months and at 1, 3, and 5 years after stroke, respectively. Forty-eight percent of patients were not depressed at any time point; 49% to 55% of depressed patients at 1 assessment remained depressed at follow-up; and 15% to 20% of patients at each assessment were new cases. Predictors of depression included stroke severity, inability to work, and impaired cognition. Associations with depression at follow-up included impaired cognition, lack of family support, institutionalization, inability to work, functional dependence, and low activity level. Conclusions-Frequency of depression up to 5 years after stroke is 30%; however, it is a dynamic situation with recovery and new cases diagnosed over time. These findings support the need for regular assessment of depression and its associated factors and for the development of effective interventions to reduce depression after stroke. (Stroke. 2011; 42:00-00.)
D
espite the perception that some clinicians have that depression is an expected outcome after stroke, its natural history, predictors, and associations in the long-term have been poorly investigated. 1,2 A systematic review estimated the frequency of depression after stroke to be 33%. 1 Studies that have compared frequency of depression after stroke with that in appropriately matched community controls have found that the risk of depression is at least doubled after stroke compared with what would be expected in the general population. 3 However, studies of depression after stroke 2,4 -17 have limitations, including small samples, nonvalidated tools to assess depression, patients only being assessed once, and only 4 cross-sectional studies reporting prevalence of depression Ͼ3 years after stroke. 12,18 -20 Clinical guidelines recommend that stroke patients should be screened for depression, and those patients who have depression sufficient to cause distress or to impede rehabilitation should be assessed clinically for further treatment. 21 However, effectiveness of treatments is still limited. 22 The aims of this study were to estimate the frequency of new and persistent cases of depression, along with the predictors and associations of depression up to 5 years after stroke within a population-based cohort of stroke survivors.
Subjects and Methods
First-in-a-lifetime stroke patients were recruited from the South London Stroke Register, a prospective population-based stroke register covering an inner city population of 271 817 (census 2001). 23 Data from patients registered between January 1995 and December 2006 were used in this study. The World Health Organization definition of stroke was used. 24 Demographic data included age, gender, ethnicity (white, black, and other ethnicity), employment status reported by patient (paid work full-time or part-time, unable to work because of disability, retired, and other), and living conditions before stroke (alone, with someone, or in an institution). Case severity measures included Glasgow coma scale score, categorized as severe (3) (4) (5) (6) (7) (8) , moderate (9 -12) , and mild (13) (14) (15) 25, 26 Other variables assessed included dysphagia, hemianopia, neglect, dysphasia, dysarthria, hemiparesis, cerebellar symptoms, and type of stroke (infarct, primary intracranial hemorrhage, subarachnoid hemorrhage, and undefined). Activities of daily living were assessed 7 days after stroke using the Barthel Index; 27 severe disability is indicated by scores 0 to 14, moderate disability is indicated by scores 15 to 19, and score of 20 indicates the subject is independent. Pharmacological treatment for depression at the time of stroke was also recorded.
Follow-up was by postal questionnaire or interview, depending on the capacity of patient to complete the questionnaire 3 months and 1, 3, and 5 years after stroke. Patients who could not be followed-up at 1 time point remained registered and were contacted again for the following assessment. At follow-up, patients were assessed for depression using the Hospital Anxiety and Depression (HAD) scale. 28 HAD scale has been validated in stroke patients and has shown a good performance both when it is used in a face-to-face interview and when it is self-administered 29 (Cronbach ␣ Ͼ0.80; optimum performance when HAD subscale scores Ͼ7 are used to identify depression; sensitivity, 73.1; specificity, 81.6). In this study, scores Ͼ7 were classified as depression and scores Ͼ10 were classified as severe depression. 28 HAD scores were routinely collected between 1997 and 2006. Patients registered in 1995 (nϭ300) and 1996 (nϭ349) did not have their first HAD scale assessment until 1997. Data on HAD scale therefore were not included from these patients in the respective estimates for early rates of depression. HAD scale cannot be answered by proxy, so all information was collected directly from patients. Although patients with some degree of cognitive or communication impairment can respond to HAD scale, no data could be collected from patients with severe cognitive or communication impairment that the fieldworker judged would give invalid responses.
Data collected at follow-up also included accommodation, employment, cognitive level, family support, activities of daily living, and activity. Activity level was assessed with the Frenchay Activity Index 30 (inactive, 0 -15; moderate inactivity, 16 -30; or active, 31-45). Patients were asked about the family support they had, "Do you see as much of your relatives as you would like?" (answer choices: yes, no, or I do not have any).
Statistical Analyses
The frequency of new cases of depression after stroke was calculated in patients assessed at consecutive time points (nϭ724 at 3 months-1 year; nϭ694 at 1-3 years; nϭ442 at 3-5 years). Proportions of persistent and recurrent depression throughout the follow-up period were calculated among the patients assessed at every time point (nϭ185). Outcomes in patients completing and not completing HAD scale were compared using 2 test. Variables potentially associated with depression were first investigated with unadjusted logistic regression models. Variables showing association with depression at any time point (PϽ0.1) were further investigated with multivariate logistic regression, with age, sex, and ethnicity included in all the models. Interactions between age and all predictors were examined in the final model, but no significant interaction was identified. Cox regression models were used as a sensitivity analysis of the robustness of the results.
Variables with missing data Ͼ10% had a separate category for missing data. Estimates and standard errors of these variables were stable and similar to those based on complete data. For these variables, we reported the results using separate categories for missing data.
Ethics
Patients or their relatives gave written informed consent. The ethics committees of Guy's and St. Thomas' Hospital National Health Service Foundation Trust, King's College Hospital Foundation, National Hospital for Nervous Diseases, Queen's Square Hospital, St. George's Hospital, and Westminster Hospital approved the study.
Results
The South London Stroke Register recruited 3689 patients between January 1995 and December 2006. Description of the cohort is in Table 1 . Patients not completing HAD scale were older and had more severe symptoms than those completing HAD scale. At follow-up, they showed lower Barthel Index and Frenchay Activity Index scores, higher rates of cognitive impairment, less family support, and higher mortality and institutionalization rates ( Table 2) .
Frequency of depression was Ϸ30%, with Ϸ14% being severe cases, throughout the 5 years of follow-up (Table 1) ; 50% to 55% of the patients depressed at 1 point were also depressed in the next assessment; and 15% to 20% of patients who were not depressed at 1 assessment became depressed by the next follow-up. Among the patients who were assessed at every time point, 48% (range, 41%-55%; nϭ89) were not depressed at any assessment, 6% (range, 2%-9%; nϭ11) were depressed at every assessment, and another 13% (range, 8%-18%; nϭ25) were depressed at some point, recovered by the next assessment, but were depressed again at further follow-up. Fifty-six percent (46%-66%; nϭ54) of the patients with complete follow-up who were depressed at some point were already depressed 3 months after stroke.
Predictors of depression, resulting from the univariate and multivariate analysis, are detailed in Tables 3 and 4 . At baseline, cognitive impairment predicted depression throughout the follow-up, with OR ranging from 1.81 (CI, 1.28 -2.56) to 2.30 (CI, 1.36 -3.87), and independence for activities of daily living (Barthel Indexϭ20) predicted lower depression rate at all time points, with OR ranging from 0.35 (CI, 0.24 -0.50) to 0.56 (CI, 0.36 -0.88). At 3 months and 1 and 3 years, dysphagia and urinary incontinence predicted prevalence of depression approximately twice that in patients without these symptoms. Inability to work predicted depression, except at 3 years, and severe depression at all time points. Antidepressant medication used at the time of the stroke predicted depression at 3 months and 5 years.
Independence for activities of daily living (Barthel Indexϭ20) and high level of activity (Frenchay Activity Index Ͼ30) at follow-up were associated with rates of depression 5-to 10-times lower than those in dependent and inactive patients. Prevalence of depression doubled among patients with cognitive impairment, lack of family support, and living in an institution at follow-up. Inability to work at follow-up was associated with severe depression at all time points.
Discussion
Depression after stroke has a persistent frequency of 30%, with half of the patients having depression at some point within 5 years of stroke. There are several factors predictive of longer-term depression after stroke. The identification of patients at highest risk for depression and the development of effective interventions must be a priority.
This study has strengths and limitations. The populationbased register represents the least biased sampling frame, with a large number of patients assessed repeatedly over a long follow-up period, which contrasts with previous studies. 4 -20 One limitations is that the diagnosis of depression could not confirmed with Diagnostic and Statistical Manual of Mental Disorders edition 4 criteria. Another limitation is the loss to follow-up (Table 1) associated with stroke cohort studies in elderly patients. However, many patients who were lost to follow-up at 1 point were followed-up in subsequent assessments. Some characteristics of patients not responding to HAD scale are associated with depression, so these results may underestimate the prevalence of depression. Coping after stroke and other conditions that may resemble depression (apathy, anxiety, and fatigue) were not evaluated. No significant differences were found in age, sex, ethnicity, and depression rates between the 185 patients who were followed-up at all time points and the patients who were lost to follow-up at some point. Therefore, results of patients with follow-up at all time points still may be representative of the whole cohort.
The annual assessment of the same patients showed that depression actually affects 50% of stroke patients at some point. Therefore, depression may be a more relevant clinical problem than what was initially thought when examining studies reporting prevalence. 1,4 -9,11-15,19,20 A systematic review 22 reported the limited effect of available treatments for depression after stroke. However, the authors noted that 
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treatments were used at very different time points after stroke; patients with cognitive or communication impairment, those living in institutions, or those using antidepressants had been excluded from some of the studies, and treatments probably had not been administered for an adequate length of time. Our findings suggest that interventions are most needed among patients severely affected by the stroke, including those with aphasia and cognitive impairment, and also that intervention should be started early after stroke and maintained in the long-term. Failure to acknowledge this may have led to an underestimation of the effect of available interventions. Stroke severity predicted depression, supporting the hypothesis that there may be direct links between neurological damage and depression. 31 However, a stroke is also a negative life event that increases the chances of depression. The nature of the association between cognitive impairment and depression is complex because both can be a cause or an effect of each other. 2 Clinicians should consider the high risk of depression among cognitively impaired patients who may be unable to report their symptoms.
Up to 50% of patients in our study were of working age, suggesting that stroke effects on work are still relevant. The association between inability to work and depression may be explained by the concerns about economic stability that have been reported in stroke patients. 32 The negative impact that social isolation has on general health may play a role in its association with depression after stroke. 33 The associations between depression and stroke severity, impaired cognition, dependence, low activity levels, and social isolation had been observed only soon after stroke. 2,4 -12,33,34 Unlike many studies, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 17, 20 treatment for depression predicted depression 3 months and 5 years after stroke. Factors involved in the etiology of depression before stroke that are still present after the event may explain this association. These results indicate the need for clinicians to consider the dynamic nature of depression after stroke, acknowledging that patients depressed at 1 point are at high risk for remaining depressed. The significant risk of depression in patients who are not depressed soon after stroke also needs to be considered. Variables associated with depression after stroke should be used to identify patients at risk for this condition and also should be used in the design of future interventions.
